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Summary

This document is a compilation of the information on well drilling and construction, well develop-
ment, pump installation, and sediment sampling at two new RCRA wells (299-W22-84 and 299-W22-85)
constructed at Waste Management Area S-SX in September to November 2001. These wells were
constructed to the specifications and requirements described in Washington Administrative Codes 173-
160 and 173-303.

Groundwater samples were collected during drilling and borehole and drill cuttings were monitored
regularly for organic vapors and radionuclide contaminants. The boreholes were geophysically logged
with spectral gamma-ray and neutron moisture tools on October 1, 2001. Cesium-137 was found between
0 and 4 ft below ground surface in well 299-W22-85 at a maximum concentration of 0.2 pCi/g.

iii



Contents

011010 0T oy USRI 1ii
1.0 INETOAUCTION ..ottt ettt ettt ettt ettt et e bt et e bt e st e sstesatesnseenteenseeseesseesanesnsenns 1
2.0 WEIL 299-W22-84 ...ttt ettt sttt et e et et e st e st et e s teent et e eaeeneenseeneenes 3
2.1 Drilling and SAMPING ......c.ecoeiiiiiiiieiieecie ettt e et e e sbeeeaae e asaeeseeessseesans 3
2.2 WEll COMPLELION ....eeuviiniieiieiiieeiie ettt esieeste st ete et e e e e staeseaessaesssessseesseesseesssesssesssennses 3
2.3 Well Development and Pump Installation.............ccceeverieniienieenieeniesee e 4
3.0 WEIl 299-W22-85 ...ttt sttt ettt et ettt esteessesseeseensesseensessesssensansenssensenssenes 4
3.1 Drilling and SAMPIING ........ccceeeevirriiiiieriieriieiee e ereere et eseesteseresseeseesseesseesssesssessseesseens 4
3.2 Wl COMPIETION ....eiiiiiiiiiieciie et ciee et ee et e sire et eetbe e s b eeesteeesebaeesbaeessseesssesensseesssenas 5
3.3 Well Development and Pump Installation............c.cccevvverieriieniienciiecieseeeereesee e see e 6
4.0 RETEICIICES ittt ettt et e b e sht e sae e st e e bt e bt e bt e satesaeeeateenteenbean 6
Appendix A — Well Construction and Completion Documentation ...........ccccceveeeveeevieenieeneeneeneenne Al
Appendix B — Physical and Chemical Properties Data............ccccceeeeviiiiiiiiiieeiiieieeeiee e B.1
Appendix C — Borehole GEophySiCal LOZS.......cccevcviiviieriiiiieieiiecie et eseesee e sreseveesseesseeseees C.1
Figure

1 Map of Waste Management Area S-SX and Locations of Wells in the Groundwater

MONIEOTING INEEWOTK ...eevviiiiiieeiieecieectee et etee et e et e et eesbeeetbeesabeeebbeessseeassaeessseeessseessseensses 2
Tables

1  Well Names and Well Numbers for Wells Drilled in Calendar Year 2001.........cccccceeevervrennene 1

2 Survey Data for New Wells at Waste Management Area S-SX........ccccoevueereieriieeriieencreeenneenns 4



1.0 Introduction

Two new Resource Conservation and Recovery Act (RCRA) groundwater monitoring wells were
installed at the single-shell tank farm Waste Management Area (WMA) S-SX in September to November
2001 in partial fulfillment of Tri-Party Agreement (Ecology et al. 1998) milestones M-24-00M. The
wells are 299-W22-84 and 299-W22-85. Table 1 correlates the well names with the well numbers. Well
299-W22-84 is located east of the 241-SY tank farm and is a new downgradient well in the monitoring
network. Well 299-W22-85 is a new downgradient well located east of the 241-SX tank farm and
northwest of the 216-S-8 trench. The locations of all wells in the WMA S-SX monitoring network are
shown on Figure 1.

The original assessment monitoring plan for WMA S-SX was issued in 1996 (Caggiano 1996). That
plan was updated for the continued assessment at WMA S-SX in 1999 (Johnson and Chou 1999). The
updated plan provides justification for the new wells. The new wells were constructed to the specifica-
tions and requirements described in Washington Administrative Codes 173-160 and 173-303, the updated
assessment plan for WMA S-SX (Johnson and Chou 1999), and the description of work for well drilling
and construction.'

This document compiles information on the drilling and construction, well development, pump
installation, and sediment sampling applicable to the installation of the two new wells. Appendix A
contains the Well Summary Sheets (as-built diagrams), the Well Construction Summary Reports, and
the geologist’s logs; Appendix B contains results of physical and chemical properties testing; and
Appendix C contains borehole geophysical logs. Additional documentation concerning well construction
is on file with Bechtel Hanford, Inc., Richland, Washington.

English units are used in this report because that is the system of units used by drillers to measure and
report depths and well construction details. The information below can be used for conversion to metric
units:

1 foot (ft) = 0.3048 meter
1 inch (in.) = 2.54 centimeters
1 gallon (gal) = 3.785 liters

Table 1. Well Names and Well Numbers for Wells Drilled
During Calendar Year 2001

Well Name Well Number
299-W22-84 C3398
299-W22-85 C3399

" Letter from J. S. Fruchter (Pacific Northwest National Laboratory) to G. B. Mitchem (Bechtel Hanford,
Inc.) Description of Work for Drilling of CY 2001 RCRA Groundwater Monitoring Wells, dated April 16,
2001.
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Figure 1. Map of Waste Management Area S-SX and Locations of Wells in the Groundwater
Monitoring Network



2.0 Well 299-W22-84

2.1 Drilling and Sampling

Well 299-W22-84 was drilled in October 2001 with a cable tool rig and drive barrel from the surface
to 180 ft below ground surface (bgs) and by hard tool from 180 ft bgs to a total depth of 273.5 ft bgs.
Temporary 10-%-in.-outside-diameter, carbon steel casing was used for the entire borehole. Approxi-
mately 175 gal of water were added to the borehole during hard tool drilling.

The sediments encountered during drilling were predominantly sand and silty sand and gravelly sand
of the Hanford formation from the surface to about 150 ft bgs; undifferenciated Plio-Pliestocene/upper
Ringold Formation silt, and silty sand from 150 to about 180 ft bgs; and Ringold Formation member of
Wooded Island, unit E silty sandy gravel with minor sandy gravel and sandy silt from a depth of 180 ft to
the bottom of the borehole. The geologist’s log is included in Appendix A.

Grab samples for geologic description and archive were collected every 5 ft throughout the borehole.
Also, two split spoon samples were taken from 225 to 227.5 and from 265 to 267.5 ft bgs for analysis of
particle size distribution. Particle size distribution data are in Appendix B.

Two groundwater samples were collected during drilling. The samples were slurries of groundwater
and drill cutting obtained during drilling. One sample was from the water table and the other from total
depth. The samples were analyzed for anions, metals, specific conductance, and technetium-99. All
available results are included in Appendix B.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide
contaminants. No contamination was found. The borehole was geophysically logged with spectral
gamma and neutron moisture tools. No manmade radionuclides were detected. The logs are included
in Appendix C.

2.2 Well Completion

The permanent casing and screen were installed in well 299-W22-84 in October 2001. A 4-in.-inner-
diameter, stainless steel, wire wrap, 20 slot screen was set from 267 to 232 ft bgs. The permanent casing
is 4-in.-inner-diameter, stainless steel from 232 ft bgs to 2.0 ft above ground surface. A 2-ft-long
stainless steel sump is below the screen from a depth of 269.1 to 267 ft.

The filter pack is 10 to 20 mesh silica sand from 222.0 to 273.5 ft bgs. The annular seal is bentonite
pellets from 222.0 to 217.4 ft bgs, granular bentonite from 217.4 to 10.3 ft bgs, and Portland cement grout
from 10.3 ft bgs to the surface. A 4 ft by 4 ft by 6 in. concrete pad was placed around the well at the
surface. A protective casing with locking cap, four protective steel posts, and a brass marker stamped



with the well number were set into the concrete. The protective casing extends 2.35 ft above the surface.
The Well Summary Sheet (as-built) and Well Construction Summary Report are included in Appendix A.

The vertical and horizontal coordinates of the well were surveyed in December 2001. The horizontal
position of the well was determined by Global Positioning System observations referenced to horizontal
control stations established by Rogers Surveying, Inc., Richland, Washington and the U.S. Army Corps
of Engineers. The coordinates are Washington Coordinate System, South Zone, NAD&3(91) datum.
Vertical datum is NAVD 1988 and is based on existing benchmarks established by the U.S. Army Corps
of Engineers. Survey data are included in Table 2 and the survey data sheet is included in Appendix A.

Table 2. Survey Data for New Wells at Waste Management Area S-SX

Well Name Easting (m) Northing (m) Elevation (m) Reference Point
566978.76 134547.62 Center of Casing
299-W22-84 208.510 “X” on Rim of Casing
566978.76 134547.84 207.793 Brass Cap
566902.90 134260.58 Center of Casing
299-W22-85 204.409 Top of Casing
566902.88 134260.87 203.682 Brass Cap

2.3 Well Development and Pump Installation

Well 299-W22-84 was developed in November 2001. A temporary, 3 hp, submersible pump was
used to remove ~5,090 gal of formation water at 10 gal/min with the pump intake at 266 ft bgs. Final
drawdown was 17.48 ft and final turbidity was 4.05 NTU.

A dedicated submersible sampling pump was installed in well 299-W22-84 in November 2001. The
sampling pump intake is at 245.35 ft below top of casing (the casing extends 2.35 ft above the concrete
pad) or about 9.8 ft below the water table. Static water level was 235.55 ft bgs on November 7, 2001.

3.0 Well 299-W22-85

3.1 Drilling and Sampling

Well 299-W22-85 was drilled in September and October 2001 with a cable tool drill rig and drive
barrel from the surface to 176 ft bgs and with hard tool from 176 ft to a total depth of 260.1 ft bgs.
Temporary 11-%-in.-outside-diameter, carbon steel casing was used for the entire depth of the borehole.
An unknown amount of water was added to the borehole between 140 and 175 ft bgs to keep sediment in
the drive barrel and at least 158 gal were added during hard tool drilling.
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The sediments encountered during drilling were dominantly sand and silty sand with lesser amounts
of sandy gravel and silty sandy gravel of the Hanford formation from the surface to about 125 ft bgs; Plio-
Pliestocene silt and sandy silt from 125 to 159 ft bgs with caliche between 150 and 159 ft bgs; and
Ringold Formation silty sandy gravel and sandy gravel with minor sand from about 159 ft to total depth
(260.1 ft bgs). The geologist’s log is included in Appendix A.

Grab samples for geologic description and archive were collected every 5 ft throughout the borehole.
Also, two split spoon samples were taken from 220.5 to 222 ft and 255 to 257.5 ft bgs for analysis of
particle size distribution. Particle size distribution data are in Appendix B.

Two groundwater samples were collected during drilling. The samples were slurries of drill cuttings
and groundwater obtained during drilling. One sample was from the water table and the other from total
depth. The samples were analyzed for anions, metals, specific conductance, and technetium-99. All
available results are included in Appendix B.

The borehole and drill cuttings were monitored regularly for organic vapors and radionuclide
contaminants. No contamination was found. The borehole was geophysically logged with spectral
gamma-ray and neutron moisture tools on October 1, 2001. Cesium-137 was found between 0 and 4 ft
bgs with a maximum concentration of 0.2 pCi/g.

3.2 Well Completion

The permanent casing and screen were installed in well 299-W22-85 in October 2001. A 4-in.-inner-
diameter, stainless steel, wire wrap, 20 slot screen was set from 252.03 to 217.12 ft bgs. The permanent
casing is 4-in.-inner-diameter, stainless steel from 217.12 ft bgs to 2.0 ft above ground surface. A 2-ft-
long stainless steel sump is below the screen from a depth of 254.13 to 252.03 ft.

The filter pack is 10 to 20 mesh silica sand from 257.5 to 206.8 ft bgs. The annular seal is bentonite
pellets from 206.8 to 202.1 ft bgs, granular bentonite from 202.1 to 10.1 ft bgs, and Portland cement grout
from 10.1 ft bgs to the surface. A 4 ft by 4 ft by 6 in. concrete pad was placed around the well at the
surface. A 6-in. stainless steel protective casing with locking cap, four protective steel posts, and a brass
marker stamped with the well number were set into the concrete. The protective casing extends 2.39 ft
above the ground surface. The Well Summary Sheet (as-built) and Well Construction Summary Report
are included in Appendix A.

The vertical and horizontal coordinates of the well were surveyed in December 2001. The horizontal
position of the well was determined by Global Positioning System observations referenced to horizontal
control stations established by Rogers Surveying, Inc., Richland, Washington and the U.S. Army Corps of
Engineers. The coordinates are Washington Coordinate System, South Zone, NAD83(91) datum. Verti-
cal datum is NAVD 1988 and is based on existing benchmarks established by the U.S. Army Corps of
Engineers. Survey data are included in Table 2 and the survey data sheet is included in Appendix A.



3.3 Well Development and Pump Installation

Well 299-W22-85 was developed in October 2001. A temporary, 3 hp, submersible pump was used
to remove approximately 4,710 gallons of formation water. First, about 1590 gal of water were removed
from the well at 30 gal/min with a drawdown of about 11.5 ft. The pump intake was at 250.53 ft bgs
(about 31.9 ft below the water table). Second, about 3120 gal of water were removed at 30 gal/min with
the pump intake at 234.5 ft bgs resulting in 9.34 ft of drawdown. The final turbidity was 3.61 NTU.

A dedicated, Redi Flo-2 submersible sampling pump was installed in well 299-W22-85 in October

2001. The sampling pump intake is at 226.65 ft bgs (or about 8.25 ft below the water table). Static water
level was 218.4 ft bgs on October 31, 2001.
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WELL SURVEY DATA REPORT

ERC Project: 22192

Prepared By: Gary B. Wagner, P.L.S.
Company: Rogers Surveying, Inc.

Date Requested: 11/19/01

-1 Requestor:

Date of Survey: 12/05/01

Surveyor: Rogers Surveying, Inc.

ERC Point of Contact: Mr. Robert Bone

Survey Co. Point of Contact:
Gary B. Wagner, P.L.S.

Description of Work:

Civil surveying for eleven groundwater wells
in 200W & 200E:Areas.

Horizontal Datum: NADS3(91)

Vertical Datum: NAVDS8

Units: Metric

Hanford Area Designation: 200W

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
HSWB-037 & GPS 31

Vertical Control Monuments:

HSWB-069 & WELL B8812
Well Name | WellID | Easting Northing Elevation
299-W22-84 | C3398 566978.76 134547.62 Center of Casing
208.510 | “X” on Rim
566978.76 134547.84 207.793 | Brass Cap
Notes:
Surveyor Statement: Certification Seal

i, Gary B. Wagnen, a professional land surveyor
registered in the state of Washington (Registration
No. 30440}, hereby certify that this report is based
on a field survey performed in December, 2001
under my direct supervision and that the data
contained here is:true and correct.

BHI-EE-202 (09/98)
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Well ID: ¢, 3 399 WellName: yaq- was-485
Localion: <& side ef S-Sx Tank Faenmlzoo w[POEt CNoy  ReRn Deiling
Prepared By'y oo wez IDate:oq\aqlo\ Reviewed By ¢, ¢ |lecking lDate: wlslor
Signature: o e Spee. o\zzlor  (Signature: g
CON@TRUCTION DATA GEOLOGIC/HYDROLOGIC DATA
Depthin
Description Diagram Feet GrLac?;ic Lithologic Description
G EB-dia, protective sasing wet v, 4 ’ Q Yy s " Rack i\l mateeia)
1.00” above stainlss tasing z** _Eﬁ : <o : 53 -
:\ \ Y : 11°-28 :o.vd:.tST.n(;m)
rn ssague casingt : \\‘. 25-32" 380D ()
Ya.00" =2 17,187 AN ) 33"ag ’s:mamnncmsﬁ(s:\t\en@a-:')
‘ ::: \\? 45 ay” ; /4
 Port land _Cament qrous ! \:\ :O‘ G“_ 41‘—.5‘4"5‘.\\-1‘.‘6_.@“1:\ EROvEL Conm )
o —> 104”7 :\C 3:~ s4’-87" apan (s)
Bentonite crumblesito.i~>3034" | N \‘ :‘ ] 8 7§ 's;\-t.t_.r(sgnn) (2 Sndeud)
by' BepTonite. pellets; : ‘:‘ Tt 296" snap (8)(si1t \ens @ 1
202.17 — aon 8’ NY :\‘ 0 — 7a’§ﬁ\op;:n% S800() S0 vmaonga’
R R
, NN —
4 Tp s<3pde ©,030-in. Si0T N AR - . 120 =04 sanp ()
caMt, wirtmace welistrte s LAY : 3 1104 = \3o’siml:‘5nn.n(ms)
212.153"~—> a42.037 NN I\ \ =
NN \ 120 ==
1Q=20 mesh =ilice Sand! Sk N ) — 130"~ 190" iy ()
2008 = 259¢” \: : - : wo” ~un” S0:0d 3 1LY (am)
A N Dz 149l 6T (m)
4 Tp sedoui tailpiped LAY \\: mq’—\sn’swg\ 5vevlam)
292, 0§;> 254,137 N ;\ 1l Vo — 451"\53‘ SILT {m)
muAd:_\back-C‘. 0y ] A\ Shes-195 cALwE
25387 —S 2po.] L+ ) - - V55 =lpe st angy € L
.
s \\\\ - " :' . i
Ay tQm‘aquP:;{ ma:ng\ rempued: : \\\ —| llp%: V4. sand (s) |
% \ ;& 2,00 —i P10 4-\%0’5&@:“ CrAVEL (3G) ‘
BW A grhs act tn Cedt De\nud ﬁs"
around sucface. 3

BHI-EE-189 (12/97)

A.16



Page z  of
WELL SUMMARY SHEET Date: \Olo8\e (
WelllD: ¢ 3399 Well Name: - a4 ,535.-%5
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WELL SURVEY DATA REPORT

ERC Project: 22192

Prepared By: Gary B. Wagner, P.L.S.
Company: Rogers Surveying, Inc.

Date Requested: 11/19/01

Requestor:

Date of Survey: 12/05/01

Surveyor: Rogers Surveying, Inc.

ERC Point of Contact: Mr. Robert Bone

Survey Co. Point of Contact:
Gary B. Wagner, P.L.S.

Description of Work:

Civil surveying for eleven groundwater wells

in 200W & 200F Areas.

Horizontal Datum: NADB3(91)

Vertical Datum: NAVDSS

Units: Metric

Hanford Area Designation: 200W

Coordinate System: Washington State Plane Coordinates (South Zone)

Horizontal Control Monuments:
HSWB-037 & GPS 31

Yertical Control Monuments:
HSWB-069 & WELL B8813

Well Name | Well ID | Easting Northing Elevation

299-W22-85 | C3399 566902.90 134260.58 Center of Casing

204.409 | “X” on Rim

566902.88 134260.87 203.682 | Brass Cap

Notes:

Surveyor Statement:

1, Gary B. Wagner, a professional land surveyor
registered in the state of Washingion (Registration
No. 30440), hereby certify that this report is based
on a field survey performed in December, 2001
under my direct supervision and that the daia
contained here is\true and correct.

Certification Seal
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: Page 3 of g
BOREHOLE LOG T
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Page 4 of 4
Date! exqaglo )
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BOREHOLE LOG | Page Q of 9_
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Appendix B

Physical and Chemical Properties Data

This appendix includes the results of testing for particle size distribution on split spoon samples from
the wells 299-W22-84 and 299-W22-85. The analyses were done by CH2M HILL Hanford, Inc. using
standard sieve techniques.

This appendix also contains the results of testing for technetium-99, uranium-238, and metals.
Technetium and uranium were measured by inductively coupled plasma — mass spectrometry and metals
by inductively coupled plasma — atomic emission spectrometry. All samples were acidified with 2%
HNO; and analyzed according to standard operating procedures in laboratories at Pacific Northwest
National Laboratory.
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Table B.1. Electrical Conductivity and pH in Wells 299-W22-84 and 299-W22-85

Well Name and Depth (ft) pH EC (mS/cm)
299-W22-84
226 7.76 0.327
273 7.68 0.306
299-W22-85
220 7.69 0.341
260 7.71 0.244

Table B.2. Metals in Samples from Wells 299-W22-84 and 299-W22-85

Al As B Ba CaRad Cd Co Cr Cu Fe
Well Name and 394.4@ 193.7 249.7 4554 393.7 228.8 228.6 267.7 324.8 274.0
Depth (ft) <125® <125 <125 <25 <50 <25 <25 <30 <50 <50
299-W22-84
226 <125 <125 (44) 46 17873 <25 @) (10 1 320
273 <125 30) (50) 34 15112 <25 3) (€3] ) @21
299-W22-85
220 (@) 37 (41) 36 16234 <25 ) <30 e) <50
260 <125 (32) (43) 39 15707 <25 3) <30 <50 <50
KRad | MgRad Mn Mo Ni Sr Rad Zn Na Rad S Ti Zr
Well Name and 766 279.6 294.9 204.6 231.6 407.8 213.9 589.6 182.6 3349 343.8
Depth (ft) <12500 <50 <113 <25 <50 <50 <25 <2500 | <2500 | <2500 <125
299-W22-84
226 5787 5786 (51) 101 ?2) 91 ®) 33547 15606 <125 <125
273 4878 5159 (82) 85 (€)) 65 6) 36257 13098 <125 <125
299-W22-85
220 5774 5020 (53) 45 (€)) 76 27 38811 17580 <125 <125
260 4063 5162 (89) 99 <50 64 6) 22390 7904 <125 <125

All concentrations are reported in pg/L (ppb).

(a) Wavelength.

(b) Lower limit of quantification.
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Table B.3. Technetium-99 and Uranium-238 in Samples from Wells 299-W22-84 and 299-W22-85
Tc-99 U-238
Well Name and Depth (ft) <0.05® pg/L <0.025 pg/L

299-W22-84

226 (0.004) 1.13

273 (0.004) 0.331

299-W22-85

220 (0.005) 1.33

260 (0.005) 0.456

(a) Isotope of choice.

(b) Lower limit of quantification.

Table B.4. Anions in Samples from Wells 299-W22-84 and 299-W22-85
Well Name and
Depth (ft) Fluoride | Chloride | Nitrite | Bromide | Nitrate | Sulfate | Phosphate | Carbonate

299-W22-84
226 1.34 11.67 <1.00 <1.00 1.43 47.36 <1.50 77.24
273 3.24 15.32 <1.00 <1.00 <1.00 | 40.42 <1.50 74.67
299-W22-85
220 1.50 17.14 <1.00 <1.00 1.62 57.18 <1.50 73.88
260 1.17 5.62 <1.00 <1.00 <1.00 | 24.08 <1.50 83.45

Note: All concentrations reported in parts per million (ppm).
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CH2ZM Hill Hanford, Inc.

SIEVE ANALYSIS

|@ELL NAME  299-W14-18 |[DEPTH 22202240 |[SAMPLE#F — W14-18-222.0|WELL ID# C3396|
TESIED BY JM.Wimetlt  |[CONTACT Dave Weekes |[PHONE 372-0601_|[DATE 11/02/2001 ]
SAMPLE SIEVE CUMULATIVE | % WEIGHT % Grain Size | COMMENTS
WT (g) SIZE IN. WEIGHT(g) RETAINED | PASSING {mm)
985.80 2" 0.0 0.0 100.0 50.80
1.5" 0.0 0.0 100.0 38.10
3/4" 71.9 731 927 18.05
38" 2625 256 74.4 942
#4 392.3 398 60.2 470
#10 516.0 623 477 1,98
#20 601.6 61.0 3%.0 0.83
#40 652.7 66.2 338 0.42
#80 720.8 73.1 26.9 0.25
#100 795.2 80.7 19.3 0.150
#200 854.6 86.7 13.3 0.074
Sieve Analysis Data for Sample W14-18-222.0
U.S, Std. Sieve
T e § g 8¢ B§
0% e a2 © F w0 F % § &
90%
80%
70%
o
< 60%
7 J (G SR Bt SN IO ISPV B SO SN . Ny SRR SRR S LI PO SIS, RN PSR S P DS FEE RS EEERRR R
]
L 50%
[
3 NG T U S
40%
4
30%
20%
10%
0%
100. 10. 1 0.1 0.01
Grain Size, mm
Comments: Silty Sandy Gravel

All data are accurately and comnpletely recorded.

Checked By: /{7,

DClkebrs Date: //I/ 27/0 /
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CHZM Hill Hanford, Tnc.

SIEVE ANALYSIS
r_[u_ NAME _ 200W14.18 |[DEPTH 2550-257.0 |SAMPLE# _ W14-18-255.0]WELL ID# C3396)
TESTED BY __ JMWimett |[CONTACT ___ Dave Weekes |[PHONE _____ 372.0601 |DAIE  11/02/2001
SAMPLE SIEVE | CUMULATIVE| % WEIGHT % Grain Size | COMMENTS
WT (g) SIZE IN. WEIGHT(g) | RETAINED | PASSING (mm)
574.70 2" 0.0 0.0 100.0 50.80
15" 0.0 0.0 100.0 38.10
34" 307 a1 959 19.05
38" 102.1 105 895 9.42
#4 2538 26.0 740 270
#10 494 5 50.7 493 1.98
#20 599.2 615 38.5 0.83
#40 653.1 67.0 33.0 0.42
#60 754.9 774 226 0.25
#100 8216 843 15.7 0.150
#200 867.2 89.0 11.0 0.074

Sieve Analysis Data for Sample W14-18-255.0

U.S. Std. Si
eve o o 8 8
100% —a— ‘ —— ¥ g; % 3

90%

80%

70%

60%

50%

40%

Percent Pagsing

30%

20%

10%

0%
100, 10. 1. 0.1 0.01
Graln Size, mm

Comments: Silty Sandy Gravel

All data are accuralgly and completely recorded.

Checked By Gl e, DCl/cefes Date: //72_/ o/
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CH2M Hilt Hanford, Inc.

SIEVE ANALYSIS
ELL NAME 299-W22-84 NDEPTH 205.0-227.5 |SAMPLE# W22-84-225 JWELL ID¥ 3338
TESTED BY JMWimett JJCONTACT  Dave Weekes|[PHONE 372-.9601 |DATE Kb
SAMPLE SIEVE  |CUMULATIVE| % WEIGHT % | GrainSize | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING (rmm)
973.60 2z 0.0 00 1000 50.80
15 0.0 00 100.0 38.10
3" 188.0 193 807 19.05
8 3533 363 63.7 9.42
#4 4783 491 50.9 4.70
#10 577.0 593 407 198
#20 646.0 66.4 336 0.83
#40 6926 711 289 0.42
#60 7433 76.3 237 0.25
#100 7998 821 179 0.150
#200 8519 875 125 0.074

Sieve Analysis Data for Sample W22-84-225.0
U.S. Std. Sé

e 8$§§

Qvt: I+ it

100%

90%

70%

60%

50%

Percent Passing

40%

30%

20%

10%

Grain Size, mm

Comments: _ Silty Sandy Gravel

All data are accurately and completely recorded.
Checked By: Date:
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS

IWELL NAME 299-W22-84 IDEPTH

_265.0-267.5 {SAMPLE#
3729601

ESTED BY JMWimelt JCONTACT

Dave Weekes]PHONE NDATE  wesnsnsy

SAMPLE SIEVE |CUMULATIVE] % WEIGHT % | GrainSize | COMMENTS
WT () SIZEIN. | WEIGHT{g) | RETAINED| PASSING (mm)
851.90 2 0.0 00 100.0 50.80
15 0.0 00 100.0 38.10
a4 1895 22 778 19.05
B 4042 47.4 526 9.42
#4 512.8 50.2 398 4.70
#10 5907 70.4 296 198
#20 6485 | 76.1 239 0.83
#40 677.3 795 205 0.42
#60 7446 87.4 126 0.25
#100 787.4 92.4 78 0.150
#200 807.0 847 5.3 0.074

Sieve Analysis Data for Sample W22-84-265.0
2 2
: § §gsz ¢

________________

Percent Passing

0% +
100. 10. 1. 0.1 0.01
Grain Size, mm

Comments: Sandy Grave!

All data are accurately and completely recorded.
Checked By: Date:
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CH2M Hill Hanford, Inc.

SIEVE ANALYSIS
\WELL NAME _ 299-W22-85 {DEPTH 22052220 |[SAMPLES W22-85220.5WELL ID#  C3399
TESTED BY J.M.Wimett ECONTACT DaveWeekesl}PHONE 372-9601 %DATE ##M##H
SAMPLE SIEVE |CUMULATIVE| % WEIGHT % | GrainSze | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING (mm)
619.80 x 0.0 00 1000 50.80
15" 0.0 0.0 100.0 38.10
a4 157 187 813 19.05
38" 1995 322 67.8 9.42
#4 2925 47.2 52.8 470
#10 3731 60.2 398 198
#20 4141 66.8 332 0.83
#40 440.6 714 289 0.42
#60 482.7 779 21 0.25
#100 5248 84.7 153 0.150
#200 558.5 50.1 9.9 0074

Sieve Analysis Data for Sample W22-85-220.5
U.S. Std. Sieve 8
100% H % H

90%

80%

Percent Passing

0.01

Grain Size, mm

Comments:  Sandy Gravel

All data are accurately and completaly recorded.
Checked By: Date:

B.8



CH2M Rill Hanford, Inc.

SIEVE ANALYSIS
ELL NAME 209-W22-85 |DEPTH 255 0-257.5 [SAMPLE# W22-85-255.0\WELL 1D# 3399
TESTERDBY JMWimett [[CONTACT  Dave WeekesiPHONE 372-9601 [DATE mm###l
SAMPLE SIEVE |CUMULATIVE] % WEIGHT % Grain Size | COMMENTS
WT (g) SIZEIN. | WEIGHT(g) | RETAINED| PASSING (mm)
972,40 2 0.0 00 100.0 50.80
15 00 0.0 100.0 38.10
38" 3435 353 647 19.05
3" 478.3 492 50.8 9.42
#4 585.6 6.2 398 470
#10 651.7 670 330 1.8
#20 687.1 707 293 0.83
#40 7191 74.0 26.0 042}
#60 829.4 853 14.7 0.25
#100 881.0 90.6 9.4 0.150
#200 810.0 936 6.4 0.074

Sieve Analysis Data for Sample W22-85-255.0

Percent Passing

Comments:

Sandy Gravel

Grain Size, mm

01 0.04

All data are accurately and completely recorded.

Checked By:

Date:
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Appendix C

Borehole Geophysical Logs

This appendix contains the borehole geophysical logs obtained from boreholes 299-W22-81, 299-
W22-84, and 299-W22-85. The logs were run and analyzed by MACTEC-ERS. Header information and
log analyses are included with the logs.
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WAL TEC £ VARSHMENTAL HEETORAT W SERVCER LLC

299-W22-84 (C3398)

Borehole Information:

Log Data Report

[Borehole: 799-W2284 (C3398) ] Site: East of SY Tank Farm
Coordinates {Plant) GWL (ft)': 233.2 GWL Date: 10/19/01
North East Drill Date TOC” Elevation | Total Depth (ft) Type
not available not available Oct. 2001 Unknown 273.5 Cable Tool
Casing Information:
Quter Inside
Diameter Diameter Thickness Top  Boettom
Casing Type Stickup (ft) {in.) {in.} {in.) (ft) (ft)
Steel threaded 26 10.75 9.375 11/16 26 2733

Borehole Notes:

Prior to drilling activities around this borehole, a 1.5- to 2-ft-thick gravel pad was spread over a ground

surface that was previously posted as a “soil contamination area.” The logging engineer measured the pipe
stickup at the borehole using a steel tape. Calipers were used to measure only casing outside diameter and
thickness. The casing inside diameter was calculated.

Logging Equipment Information:

Logging System: RLS-1 _ | Type: HPGe (70%)
Calibration Date: Calibration Reference:

| Logging Procedure: MAC-HGLP 16.5
Logging System: RLS-1 | T‘ype: Moisture
Calibration Bate: 07/01 Calibration Reference: RLSMO00.0 {Randal! 2001)

Logging Procedure:

MAC-HGLP 1.86.5

Spectral Gamma Logging System (SGLS) Log Run Information:

Log Run 1 2 3 4
Date 10/22/01 10/23/01 10/23/01
Logging Engineer Spatz Spatz Spatz
Start Depth (ft) 274.0 0 134.0
Finish Depth (ft) 134.0 133.0 162.0
Count Time (sec) N/A N/A N/A
Live/Real R R R
Shield (Y/N) N/A N/A N/A
MSA Interval {ft) 1.0 1.0 1.0
ft/min N/A N/A N/A
Pre-Verification B0O591CAB BOBO1CAB BOGO1CAB
Start File B0591000 B0801000 B0G01134
Finish File B0591140 B0B01133 B0601162
Post-Verification B0O591CAA BOBO1CAA BOBO1CAA
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Log Run 1 2 3

Depth Return Error {ft) -0.1 N/A 0

Comments See fine-gain See fine-gain Repeat section.
adjustment adjustment No fine-gain
statements statements below. adjustments
below. made.

Neutron Moisture Logging System (NMLS) Log Run Information;

| Log Run 1 2 3
Date 10/19/01 10/19/01 10/19/01
Logging Engineer Spatz Spatz
Start Depth (ft) Ground surface 100.0 237.0
Finish Depth (ft} 100.0 236.75 213.0
Count Time (sec} N/A N/A N/A
Live/Real L L L
Shisld (Y/N) N/A N/A N/A
MSA Interval {ft) 0.25 0.25 0.25
ft/min 1.0 ft/min 1.0 ftymin 1.0 ft/min
Pre-Verification C0242CAB C02421CAB C0242CAB
Start File C0242000 CR242401 CR242000
Finish File C0242400 CR242948 CR242097
Post-Verification C0242CAA C0242CAA CRZ242CAA
Depth Return Error {ft) N/A N/A 0
Comments Ended log runto | Groundwater Repeat section.

reset file detected below
subdirectory. 236.75 1.

Logging Operation Notes:

Zero reference is the top of ground surface, and log depths are relative to ground level. The sonde is
centralized in the borehole for both the SGLS and NMLS.

The borehole was logged in the drill pipe before completion as a groundwater monitoring well. [n order to
obtain reliable spectra while minimizing overall logging time, the depth interval was increased from 0.5 ft
to 1.0 ft.

Logging data were collected with the MCA’s gain stabilization feature engaged. Fine-gain adjustments
were made after file C0591052 (222 ft) during SGLS logging run 1. Fine-gain adjustment was made after
files BO601028 (28 ft), BO601029 (29 ft), BOG01050 (50 ft), BO601054 (54 ft), BO601066 (66 ft), and
B0601069 (69 ft) during SGLS logging run 2. Fine gain adjustments were not necessary during logging run
3

Analysis Notes:

[__Analyst: | Sobczyk | Date: | 11/06/01 | Reference: | MAC-VZCP 1.79 Rev. 2 |

Pre-run and post-run verification spectra for the SGLS were evaluated. The acceptance criteria for field
verification of the RLS -1 logging system are in the process of being established. Examinations of spectra
indicate that the detector appears to have functioned normally during the log run, and the log data are
provisionally accepted, subject to further review and analysis.

Individual SGLS spectra were processed in batch mode using APTEC SUPERVISOR to identify individual
energy peaks and determine count rates. Concentrations were calculated with EXCEL. Corrections for
casing thickness, water in the borehole, and dead time have yet to be specifically determined for the RLS

C3



system. Therefore, corrections for these environmental factors were applied based upon the calibration of
the Gamma 2B system. The resulting log values appear reasonable. A correction for a casing thickness of
11/16 in. was applied for the entire length of the borehole. A correction for water in the borehole was
applied below 236.0 ft, and this depth was determined from the neutron log. A dead time correction of 1.02
was applied at one point (0 ft}. Typically, dead time varied between 5 and 8 % with the maximum amount
of dead time (16 %) occurring at the ground surface.

Pre-run and post-run verification spectra for the neutron tool were evaluated. The pre-survey verification
spectrum (file C0242CAB) recorded 750 gross cps, and the post-survey verification spectrum (file
CR242CAA) recorded 713 gross cps.

Moisture calibration models at Hanford for 10-in. holes with 11/16-in. casing have not been established.
Thus, the neutron data were not processed to estimate volumetric moisture content because the relatively
large borehole diameter and casing thickness are beyond the range of conditions for which the moisture
gauge was calibrated. Moisture gauge data are presented as gross counts. In general, an increase in neutron
count is indicative of an increase in moisture content, but a quantitative calculation of volumetric moisture
cannot be made at this time. The rerun of the neutren-moisture toel showed good repeatability.

Log Plot Notes:

Separate log plots are provided for gross gamma, naturally occurring radionuclides (*°K, 2*Th, 2®U, and
associated decay progeny), and man-made radionuclides. For each radionuclide, the energy value of the
spectral peak used for quantification is indicated. Unless otherwise noted, all radionuclides are plotted in
picocuries per gram (pCi/g). The open circles indicate the minimum detectable level (MDL) for each
radionuclide, Error bars on each plot represent error assoctated with counting statistics only and do not
include errors associated with the inverse efficiency function, dead time correction, or casing and water
corrections. These errors are discussed in the calibration report. A combination plot is also included to
facilitate correlation. A gross neutron log of neutron counts is also shown on the combination plot.

Results and Interpretations:

The changes in gross gamma counts depend primarily upon changes in *°K activities and the presence of
radon in the borehole. Man-made radionuclides were not detected during any of the SGLS logging runs.
The apparent gradual increase in counts at the 609-keV photopeak from 25 to 134 ft is interpreted as a
buildup of radon in the borehole. The amount of counts at the 1764 -keV photopeak increases over this
interval, as well, but not as much as at the 609-keV photopeak. The increase in gross gamma counts from
about 175 cps to about 220 cps at a log depth of 66 ft corresponds with an increase in apparent *°K activity
from about f2 to 14 pCi/g to 17 to 19 pCi/g. This increase **K is interpreted as the Hanford H2. On the
basis of low *°K activities, the carbonate-rich paleosols of the Pliocene-Pleistocene are interpreted as being
between 209 and 219 ft. The caliche layer with characteristically high uranium content (greater than 2.0
pCi/g) is absent. The top of the Ringold is picked at 210 ft.

The rerun of the RLS -1 showed good repeatability of the estimates of *°K and ®*Th and supports the
interpretation that radon (***Rn) was presence during logging. The total gamma was about 20 cps higher
during the rerun than during the original log run. Because apparent **K and 2 Th activities remained
unchanged while estimates for apparent “*U activities increased during the rerun, the apparent increase in
P8 activities can be explained by the presence of 2Rn. During the original log run, the “*U activity based
on 609-keV photopeak was about 2.0 pCi/g while the estimated activity is about 3.0 pCi/g during the rerun.
Similarly, the estimated *U activity based on the 1764-keV photopeak is also greater during the rerun. The
apparent concentration based on the 609-keV peak appears to increase more than that based on the 1764
peak because the casing correction factor decreases with imcreasing energy level. If the source of the
gamma photons is within the casing, then there is less attenuation than would be expected, and the effect of
the casing correction is an [pparent increase in the calculated concentratlon This log is unusual in that the
repeat log shows elevated 2'Bi relative to the original run. In general, ***Rn shows up in the original run
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and dissipates before the repeat run, Increased radon in the repeat log of a recently drilled hole strongly
suggests that the hole is venting radon.

The highest neutron counts occurred in the groundwater as expected. The comparison of the neutron data
with the SGLS data is complicated by the relatively large diameter of this borehole and differing vertical
resolution of the two data sets. The sample interval for the moisture gauge tool is % ft versus 1 ft for the
SGLS. Thus, the neutron log has a finer vertical resolution than the SGLS logs.

' GWL - groundwater level
2 TOC - top of casing
* Not applicable - N/A

Reference: Randall, R., 2001. Certificate of Calibration RLSM00.0, July 11, 2001, Three Rivers Scientific,
Richland, WA.

CS5



299-W22-84 (C3398)
Man-Made Radionuclide Concentrations

3" Cs (662 keV)

*7 Cs (662 keV)

o o o (=] o o o (=] o o [w] = o (=] o o
s} © ~ @ (=2} = < N ] < rel © ~ @ o2} =)
bl ot = = -~ N (o] o~ (oY} N N (9] N o N (32}
— | | — e _ _ _ . m
Sy ¢ § E b o b T _ |
_ | | | _ _ _ _ | _ _ | [ [
b b
_ _ _ | _ _ _ _ _ _ _ | _ _
! _ [ f _ _ _ _ “ _ _ | _ [
i u__ ¢ w0 i O ¢ = fl
u _ _ _ | | _ _ ﬁ _ _ ! _ _
_ _ _ _ ! _ _ _ | ﬁ _ ! _ _
L & & 1 F §F _§ = | - ¥ =¥ . I K ]
a ~ _ 7 7 ] e R | Y T i _
_ _ _ _ f [ _ [ loo # %% o _ _
_ | _ _ [ [ _ | b e % %l _ _ _
||||T|||ﬁ1|4|||4|||4|;\4|||4|||4 +|4|#1||1|||T||;ﬁ||4|||||
_ _ _ _ _ , _ [
6™ aooctorac® ote%0oCecsl s, | d I I log.s | | [ I |
o g ocmononyon P oo™ o ot proog™:00 _ |\ ___{ | __ | i ___
| [ [ [ _ _ _ _ _ _ _ _ [ _
A L T O T T T O O T I T T T
o T T T & 0 I 1T 1 1 T 1T T 1 T 1
_ | _ _ _ ﬁ _ _ _ _ _ _ _ [
_ _ ﬁ _ _ ; _ _ | _ _ _ _ [
I||4|||4ux|+|||+ ————t ||ﬂ|||ﬂ|||T|||ﬁ|||ﬁ|||ﬁ|||T||4|zr1
_ ! _ [ _ _ _
| [ , _ _ _ _ | | _ _ _ _ [
N:i4|l|4|l|#|l|% S S ||t|||#&1|r|||r|||r|||T\1!r||4|||||
_ F _ _ _ | _ _ _ _
[ _ _ % _ _ _ ﬁ | _ _ | _ [
AV (N TN | S (S N (e | S— | ¢ S (S | ST | N S S|
_ _ _ _ _ _ _ [ [ _ _ _ _ [
_ _ _ _ _ _ _ [ [ | | _ _ [
_ _ _ _ _ | _ [ [ | | _ _ _
I|r4\\14:||4|||4|||4|||ﬁl||#|||1|||1|l|7|||ﬁ|||ﬁ|||ﬁ||4||111
_ I | _ ! _ I O [ [
oy . 4 ol vo %ftgx‘_o,%Lnfw“ "00g00°000" 000,00 600 0740 0 4 10%06 7057407000000 0, 00000
| — a0 2Joco® o TH% O 000¥®o, 0 _gofogC |n¢|||._|pnll.“|l||b_llllTll!%llll__llll_llllnllllnllll.
_ [ | | ! | _ _
* [ ! | f | | _ _ , [ _ _ |
A T T O I [ (S (S I i | -
= _ ‘ 1 _ ! _ _ _ # _ “ _ _
o o o o o (=] (=) (=} o o o o o (=] (=] o
- ~ ™ < D © ~ @© ®» S = S 2] = 0

(198)) yideQ

(199)) YidaQ

1.5

1.0

0.5

0.0

1.5

1.0

0.5

0.0

pCi/g

pCilg

MDL

C.6



(1e3y) yideq

22Th (2614 keV)

————1 120

ey o g S | SISO —— |y il

do d

0%° 900800 §%%0%F 00°¢%0C0g,0° 0000

238y

=1

T s TR

— —

||||||||||||||||||||||||||| | bt ||{u||_vm =l —
[ _ | | I - o D ! .,La;.ﬁsﬂ. .ATB.QIH : -

R T T T N v 0y U R v iy g g R i

llllll e | Ny PR pe i Dy e A ERE  Bg.  g B E ! P oy L ALV bl B S 2 = 0 O Y N P B O,
N R NV F A ey 1 ==~ F e

Syl argatlbdll o e Shycting ) R S Bl ISt e I . " i
12 Ty d i o AR (G g T P S el S PRSI ol I il I g gl e

VL =
7 L £1 1 Y| L = | |

—qd .m..mcm e Jl.m.o,\n.%uQu\no@um«&Jdn)oooom&omrn.OOhDuﬂcoag.ouoDaooovoOOun.wonn‘naon cowoonnf,nﬁhun*noou_ QndJ.nooo.uroDu uo,@n'u.u.non_on n.n.uu.v)ww.,ooA 600004
= 1 ] |

A § 1

| S S O I (NS ) [ O S [ |

299-W22-84 (C3398)
Natural Gamma Logs

K (1461 keV)

IILIIJ.W,

||||||||||||| m“mmu“:-. ry
AN, gaL . T e st oL Wy
hat ‘M-..-”—élr.m.u

AR IS LT a1
LR stadtat, 'V

1II+III+III+III._|III__|IIIFIIIFIILIIII_IIII

30

al o3, N

10 15 20 25

| | f _

boooodoooodoosotecccdoo

0 5

>0 00d~000d0C00dc000don00d0s00docootonsodtonadoocodoo

o (=] o o o o (=3 o o (=] o
<t wn o M~ @« (o] o ~ ™~ @ el
L . = — —

(1@3)) yidaQ

pCilg

MDL

609 keV
MDL

o

1764 keV

pCi/g

pCilg

C.7



(199)) yideq

1.0 15
MDL

0.5
pCilg

0.0
609 keV
MDL

1764 keV

2
pCilg

C.8

299-W22-84 (C3398)
Natural Gamma Logs

0

10 15 20 25 30
pCilg

0 5

(1@9)) yideqg

| | | { | | | | | | | |
< I T _ T S TR ) (e [ ) H T e e [ [
© | _ [ [ _ _ [ | _ il
X 1| _ _ _ _ [ _ _ I T | -
Sttt = 0 A R N I | il i O
S Rticd L+ | _ = _ _ [\ T
o ; NP + _ L= NI I -
=} o Eg p b AL e e i T i
cF b-mrﬂ!lho_ ==t il nl.h...t!%nrou‘-?q:-..u!..-ullol-latui b= o — ——
L St \ . - LLge A= |40 T TR TN —
2_! | | i I T (S I o e 31 J. o .wn dole- o
D | Lo B oo Olin s ol 155 O S IR Sl P - P e Ty R W RO
& foose, o o0 %00 g c0o00 oo g opsoonto. o oo o 4a0 oyonost oeo®alo aufe o der %0 €00, 1 Te ¢ 10 LT AT
T T T _ ] T T _ 1 T | T
=
(2] I \
@ l
1, o . L -
3 I il ' e S e 1k _7e8lodenonan®er
e N RS _ _ R St A i 2N TR St I
T Gl .szue...nv....;?ﬂ...n.|¢h..o”.,—..n.n(Do.r.ﬂ..a*ukﬁrhn.uxn#n..\..x.a.ruu.u\,.#,uqu\..k.....xu.wnl.nbon.u.vann. n,.u.u.\...sﬁ.....\.én.. 1T 1 e M | 3
P ) SO (SO O O 0 O "SOON O" S F  lToo  T o  T cl  Y
| ST PR P [Tl YR () AR I e (e /R ) (i /R [T (el ) [ L LG T 3
ey UV | RO | (WP SO SIORSY (NSO [SNSUN SEATO IO N (S TN ____.|.“ 1 _3
> _ _ _ I ! ! _ , i R ._rm_m_ =
Q _ | T I | | _ I | I | 11 =
Sy = e I, g KB U A S S Mt R HE L E e T - n"“_ &=
m LN, _.l..nu.u...._m = -__-._:..-..mm.._ oL L el l m U= _—_-_- 0 n_, = I
- LI.- { -‘A‘ {7 . . e —— "’ ! = II-il‘..‘ ¥ u oo eyt [1 ey gachad |- ._ F ==L WP T Ill.m
- i e | 1 1 O R N ._m,_.q.uaﬁm..w...__w...i.“?__,_._._“u .
N e e T s el S —— s e e —— 3
_ _ I | | I . - et ol I =
DK r||+|rll_h||||__|II._FIIIL_.IIIWIIIPIIIFIII_! IIIIIII FIII_IIII_IIILIIIH
I I I =
= ..Luw\ruu...n..q.“,....”,\#\..u\\.%:...ﬁuxw;vu.a_,.,..r:&.&?....na.._“\%y...”r.?h...»“A -, L._...,......x.f.\....rxkn...u.on_wnmooamonoam_.n.urﬁuw..xu.u“..n_n...”c...”_n\.\..\..."ﬁ...or_ =1
g ¢ 8 8 g g 2 8 S g
- xT ~— — — 2] o™ ™~ o o™



(31@3)) yideq

Total Neutron

Pl

|
|
.}_
|
|
|
i_
|
|
|
1_
|
|
|
1—
|
|
|
+
|
|
|
.
|
I
-
|
|
-
|
|
|
|
Pl

> | _ | | _
s |
)= |
el
Ot el ae P n o loene® hedoe_ ol — — | — | | | |
—E | | | | | 3
S e R T et I E S
E | | | | | | | | | =
RTINS T I T T T T P T
R L e
- | | _ | | _ | | | _ |
I NN S S S T SN S SN . . W
< ) " 4 T T —- | o SR Y M ey N7k
s I .ag | - _ o ed Wt [ v AT AT LY A
% vd AP (I A I» _.-.o * L | NToe ﬁ.. Pl ol e q_ g : i i
N A — A A e A e
U Iy ORI iy P4 |

Y TS SIS I I " I - S — L
i il T i i ?_ Ll ._Hil k.m.__}. L.,__{_I M\ ﬁ@ﬁ%ﬂ%ﬁ

299-W22-84 (C3398) Combination Plot

(1461 keV) 238u (1764 keV)

K

B S P 3 NS ANT A S L L
\ ] ____ \é | 4 / -
(I% (VA 1SETACT o Kl s
A A I A T A A O

T _ T _ (S S T (NS N T B i R S A Sl Gl O B
S S N S (S N S (S S N .

37Cs (662 keV) *°

& iemiemies permie Il =
I
I
|
—
|
|
|
|
I
I
|
-
|
|
|
|
|
|
|

—_—

80 +——-—
6
70 +——

}09}) yyde(

(ORY)

50 100 150 200 250 30025 50 75 100 125 150

2.0

1.5

1.0
pCilg

00 05

1.0 1.5 pCI.’g

0.5

0.0

EZ

0.5

cps

cps

|

0.0

pCi/g

15

1.0

15 20 25 30

10

5



— 100

(193)) yideq

Total Neutron

|
: |
TR T T Y N o M K _
T.I.- N .__ ... 9 e A0 .#.aqual_ . + * _.ﬂl ail* .t | 1 i .. ! " !
ROV, | [ | VA AR MA i A Hopee
ol R e s A B i R i
- _ | | | | | | | % |
N T T W I NN A R SN S N N S T R
R T AR RN RN
A= k) __.mu| |%L.H|_F|+_ 4||__|| 4T|||_||||_||| .
7 :BJ._*M TV WAL ATVY A RN
LT hALVL i L
i _ B e e | V ,...%& VIV \

299-W22-84 (C3398) Combination Plot

137Cs (662 keV) “K (1461 keV)?BU (1764 keV)

|
|
|
|
|
|
T—=
I
I
I
I
|

100

150 ——~—
170 4+ ——1——

(198)) ydeq

L

C.10

50 100 150 200 250 30025 50 75 100 125 150

2.0

1.5

1.0
pCifg

00 05

1.0 1.5

0.5

0.0

pCilg

Lo dern b lerleld

cps

cps

pCilg

1.5

1.0

0.5

0.0

15 20 26 30

10

5



299-W22-84 (C3398) Combination Plot

(198)) yidag

280

TREA NI RN T NN RNy

50 100 150 200 250 30025 S50 75 100 125 150

Total Neutron

SR L L L I
S S (P, R T | IR (RONS DU IS SERLIN. S

| | | | | | r~ | |

¥

INTARENTRERETANNNT

Total

232Th

4—-— =
|
|

0]
2 IJIW 4 1 1 4 s Al
= |\ AM/}\__ 1 __c____.__ 7
[{e] |_ﬂu| __p _|||1.—|||._r_| -M1|§| _l__.__ W—
b 4 WQ. f:ﬂ%ﬁ “ _ﬂrf._ﬂ , ..H_.,lrm__‘._p_..\ 7 ,,*_ E .?; M\ ; R { _,rr .
w]iiﬂluzﬂ; 1 _|,..||_||¥|_|.|||h|.|||_||||_||||
I | | | | _ _ | [ | .
o | P (S| | || || O[S [ S O 1 O T | | R (|
- T I U I I B N T D LA R N M
[ e e e e —— ———— ——— ) L.
i |
— SISl o LSRR
©
= SRR ——
A
XE—— I I | | | I WI|¢I|I|
g Bt g g 8 §op bk 34 oWk g8
M T W T _ T _ T __ T “ O . a_ T ﬁ T
B | | 2
i I _ _
%| _ _ I _ _ I I _ [ o
) [ _ I _ | | | | _
Gt =—=f——=k F———t———t————————— =]
O 1 _ U (AU U R N TR
P~
«© R O I S T U | [ [ e e e P
_ _ _ _ | ] _ ] _
(=] (=] (=] (=] (= o o o o o o
se] [e3] =] 1. o™ ) <t Yo [{+] I~ 23]
. o o o o (o] o o o™ o™~ o™
cmmt yideq@

C.11

cps

cps

1.5

|Q1I
1.0

pCi/

|

05

1.5 20
L
0.0

1.0
pCil/g

pCil/ 00 05
10 15 20 25 30

1.5
5

1.0

pCi/g

0.5

0.0



299-W22-84 (C3398)
Rerun of Natural Gamma Logs

(1eay) yideqg

22Th (2614 keV)

P (1764 keV)

U (609 keV)

UNA|

K (1461 keV)

IS
|
SRR ¥
|

145

(198y) yidaq

160 +————

10

pCilg

pCilg

~—=— Qriginal Log Run
—— Repeat Log Run

pCilg

C.12



299-W22-84 (C3398)

(1eay) ydeqg

8 6 6. 5 DB
©O © © o 0 o ©o o o &6 - N o «w
o = o™ (3P <t wn (o} M~ [ce] (o)) . B -~ - -— —

_ | | | | | | | | | | | | |
1 T T r Tt T T T rirr e
_ _ _ _ | | | _ _ | | | _ =
||4fl|4|||+|||+|1iﬁlllﬁlulﬁl||7|||T|||T|||T||rT||¢|||u
| _ _ I | | | _ | _ =
R ORENE: PO A5 YU JSVIUNN W ' N A SN S DN S— (N ER— S——
| i _ _ _ | _ | | _ _ | | eeuredy
S TS PSR Y B SN SEPENI S R SO (U S STT. SETINSY UM (R Seses e
m L 1 i | _ | _ { s _ | _ P s =
o VS Y (T { O TN NN G |y A AW Ly Apeeotla o T |3
EE WAL | PSP S P I S Ry B
. Y o 1| L (L5, V0 LR R SO -y RS R 1Y OGNSR 0O | SRS St
© [~V s ¥ I _ i =% _ _ _ _ =
% _ _ _ _ I I _ I I I _ | I =
N Y N TR S s S e e e ot T o
] | _ | | | | | _ _ | _ | | =
——d— et ——t———ft———f e —— = — = — — ]
_ | _ | | | | _ _ | _ | | 3
||4[||4|||%|||+||i+i||+|||ﬁrr|ﬁ|||T1||T|||T|||T||iit|m
| _ _ _ | | _ |
G e e e S M s B B e
| _ | _ | | | | 3
_ L1 1 ] | EEeSEEEEEEE R E RN EN
- [ N BEEEEEEEEEEN N
- _ | | | | | _ _ | | | | | .
i _ _ | | | | _ _ | | _ _ | 5
R ST R | S SR, 5 4 i U Jp— e

= | .-y

- _ “ _ _ _ B
E _ : 3
S e i § i i T e
SE _ _ _ | _ " _ _ | _ | 3
_ | _ _ _ _ _ 4
W | _ _ _ _ | | _ | .
— + A———t———t————————— == —— ]
m | _ _ _ | | _ _ _ | _ | | =
1 | _ _ _ | | _ _ | | _ | _ .
B | _ | _ | | _ | | | _ | | ]
ENERPIT: SFESEINS: ISR ST U PN ENPReT. DS NSRS N ST UV, SRR
- | _ | _ | | _ | | _ _ | | -
E | _ | _ | | _ | | | | | | S
AEEEEEEENFYEREREFREERERRRE R NN
o o o B o o | o o =) o [ o £ Q o
-— (o] o b w (o] P~ [s0] (o)} [ =] — o™ ™ =
= — — ) —

(1e8y) yideQ

3456 7 8 910
% Dead Time

2

1

300 0

250

100

50

cps

C.13



299-W22-84 (C3398)

Total y

(199)) yideg

o o o o (o) o (e o [on fan o o o o = =
™ < To] © M~ 0 o o — N o™ < wn © N~ o0
-— -— « : . - .~ N o (o] o o o o™ o o

_ | _ | __ | “ | __ | : | _ “ | __ | “ __ | _ | _ | H_ | “ |
| 4 i
_ | _ _ [ I _ i _ _ | I 5
||4|||4|||4|||4|||+|||+rr|#|||1|||7|||7I|IT|117|||T||4|||H
I | _ | _ _ _ _ _ I I | oo 3
e S B s S S el S e ST L R B L B
ol al _ _ _ _ - | aedeee” woaqesd I 3
B e e B e e e e e B e e e
| | _ _ _ _ _ _ “tegestenes’ | | | | B
=2 N S NN RN GNP CHN S (RN S i sty DU WD SR -
= I I _ _ _ _ i | _ _ | [ | | I =
cpenile el e o e b e e B R S e il Y e o -
.w | " _ ] T T _ _ _ K | I I ] =
I I | _ _ _ _ | _ I [ I =
HW SRS S TS TS PSS e S S [ i T eSS
I I _ I | _ | | _ | _ I [ [ =
i o e I e i P e o e B B i fl e —
| | | | | | | | | | | | | | =
||L|||4|1|+|||+|||%r||%|||+|||T|||T|||T|||T|t1T|||T||L|||m
| | | | | | | | | | | =
PSR /S (PN | [ W | S, Y S YRS | S | S N | SR | S S S
| | | | | | | | | | | | | | 3
[ESS0) K 1S S [V O (O SO (TR O N VO SCN O 100 | 9 e OO [T O OO T 1 [ [ (T [ (T —

T G 5 I AN o

3 [ 7 Y [ I |

130

(198)) yideg

280

7 8 9 10

6

4 5
% Dead Time

2 3

100 150 250 300 0 1
cps

50

C.14



299-W22-84 (C3398)

(1984) yideq

Total Neutron

i I

Total y

0

(3@9)) yideq

50

300 25

250

100 150

50

cps

cps

C.15



299-W22-84 (C3398)

(198)) yideQ

o o ) =) o o o o o o o o o o o =
™ < 75} © ~ © o) = — N ™ < n © ~ ©
O o owe o oFE Wl o N Ny N O N ey e N &
| | _ | | | | | | | | | | |
E T T T T I T ] | 1 1 I 0 421 & T
[ | _ | | I I I I I | | _ I I =
B | | | | I | I I | | _ | I I g
B I i | | I _ I I I | | _ I I =
RS« S s 4 e NS (T A
- I I I | I | I I I | _ | I I -
m B I | | | I _ I I I _ _ _ I I g
B _ _ ]
or I | I | ! | | I I ]
= S i e ROl DTS o w PR Sl e e o
IR ¥ t S : ‘ghic o £ S S T T N
Zz | [ _ . - | | | _ _ | | -
T Bt | I _ _ | | I I I i I _ I I .
- [ 7 =t A T T T T 'S B i i e Do s
O I I [ _ [ | [ I I | i I I [ N
=L | | i | | | | _ _ _ | | | | =
B I I _ | | I _ _ I I I I I _ 3|
- —— e e ]
- _ I | | | _ _ _ I I _ I _ | R
B _ _ | | | I _ _ I I _ i _ | -
B _ | | | | _ _ _ I I _ _ _ _ A
G (R O N (O (LA O | TR O O O [ 1 e
T S EN N S R R R EE R e EE
- | | | i _ _ | _ I I | | _ | .
B | I | I _ | _ | I I _ | _ | ]
I IR |\ TS 1™ ) (O R SO | SIS | AN IPIIG, PR RN US| (OIS (NS (11
g I _ | _ | I I _ | | I ]
W I I [ I I | I I | _ _ I -
- I I i I _ | | | I I | I _ | .
W o S R S SR B A . | .
il F T T [ I~ | 3 aff T T | jir H 5
©F _ _ I I I I I I I _ _ ]
L | | | | | | 1
_m B _ | I I | I I I I E
———t———t———t———f——————f——— & o . t —
E _ | I I _ | I I il
E _ | I I _ I | I =
I | | I I _ I _ I !
M N N S N ORI (. <5/ (S T R S R
- _ I | I _ i _ _ _ I _ _ -
B _ I | I _ I _ _ | | I I I _ o
A 00 O O ) (O O A (580 T ) 0 O O
o o o o (=) () o o o o o o o o o o
1) < n © ~ © » o = ~ 1) < 0 © ~ 5%,
- - ™ =  + T ™ ™ ©d ©™d ©™d O ©™d © o

(198}) yideq

150

125

75

50

300 25

cps

cps

C.16



299-W22-84 (C3398)
Rerun of Gross Gamma Log

Total Gamma

(1o8)) yideg

(3@84) yideg

300

280

260

240

220

200

cps

—— Original Log Run
—+— Repeat Log Run

C.17



(198)) YideQ

&>

299-W22-84 (C3398)
Rerun of Neutron-Moisture Log
Total Neutron

(193)) ydeqg

n o uw (= 9}
— o o o 2]
o™ o ™~ (2} o™
, | _ | _

B EEEEEEEYEE I e

(ESS S TIN Y  O| S 1 TN IR/ N AN N K 4 | A N S O O |
e o dy ol o i ot F OF oo a0 @ qle ek 0 at i IE oA @ o
e gk H ik S i Ele A IR oG g B R R (IS NN (N N O |

DRGSR, S SR EW I TS TS N T IS (RN TS SN ST P (S TSN SUAN: JSPSU) (SN MR aSy) | Lo
S R PO | i TSy [ 0 AR N [ P [ G TR N [
= 8¢ 0 e oF i BT % s W B A A [g: [ 0 8 I 01 0

= B W g S @ v o M i D RSN o N N 1
5 SF I i o6 0 S o= Jn B il B f TR o [ | AL
e el b 0¢  Sloe aldselll 30 .0 0N &) Ny X FaR

1aﬁirﬁ|4||ﬂ|1||4|| TR e e e Do i o | B St i e | et e ,Jﬂ|4 ==

[ RER [T S 1~ 1/ R R [ il _

L 3 1 % 1 Ues N bk | U1 F & ) _ |
I I U N 4 ¥ o W [ R f) I I\ _

I ol _ _ _ _ _ _ :ﬁ._ I _ _ [ i o _
o Joc o fileogei] ¥R el B FE R 8 R 0 L AR L L
A Jx_, |4 I 0 [T 1 _ oo VN Y T

_ b I T _ S N | SO . 2 R O [ |
r.% A E o i s 1 o1 ¥ 4 N £ 8 1
_ I* ol 1 1 55 A S| T S A [N (I
Y T 1= N R

R PR Ry SRan | e e o R P Wy T R o e e DA ) s s e | i
[ _ - | _ _ _ _ ﬂ_ _!' [ _ [ _ [ _ [

e I ) 1 o G ot R REE ) RN S SRS | [ [N | A G [ A
AR ) R N /A SO AN - 1SN 'O MO N (e [N MO 1 Y /A
TSR TS S 1 N | S A N[ S I [ I - S (N ()

AN S [ i (D (el el L e Gt [N USSP (TS | [ (Ce | [N O (S S

Tp] [=] w [=] un

-— o~ o (3] ™

™~ o~ o o™~ o~
y

130

120

110

100

90

80

cps

—=— OQriginal Log Run
—+— Repeat Log Run

C.18



299-W22-85 (C3399)

-
SALTIEC ENWIRONWENTAL RESTORATION FEFVICER LLG

Log Data Report
Borehole Information:
“Borenole: _____299-W22-85 (C3399) | Site: East of SX Tank Farm
Coordinates (Plant) GWL(ft)': 2225 GWL Date: 10/09/01
North East Drill Date | TOC” Elevation | Total Depth (ft) Type
Oct. 2001 Unknown 260 Cable Tool
Casing Information:
Quter Inside
Diameter Diameter Thickness Top Bottom
Casing Type Stickup (ft) {in.) {in.) {in.) () {ft)
Steel threaded 20 11 3/4 10 3/4 0.5 2.0 260
Borehole Notes:
The logging engineer measured the pipe stickup at the borehole using a steel tape.
Logging Equipment Information:
Logging System: RLS-1 _ { Type: HPGe (70%)
Calibration Date: Calibration Beference: _
| Logging Procedure: MAC-HGLP 1.6.5
Logging §ystem: RLS-1 | 'Type: Moisture
Calibration Date: 07/01 Calibration Reference: RLSMO00.0 (Randall 2001)
| Logging Procedure: MAC-HGLP 1.6.5
Spectral Gamma Logging System (SGLS) Log Run Information:
Log Run 1 2 3 4
Date 10/10/01 10/10/01 10/10/01
Logging Engineer Spaiz Spatz Spatz
Start Depth {ft) 2600 97.0 70.0
Finish Depth {it) 71.0 71.0 2.0
Count Tima (sec) 100 100 100
Live/Real R R R
Shield (Y/N) N/A® N/A N/A
MSA, Interval (ft) 1.0 1.0 1.0
ft/min N/A N/A N/A
Pre-Verification BO581CAB B0581CAB B0581CAB
Start File B0531000 80581190 B0581217
Finish File B0531189 B0581216 B0581285
Post-Verification BOSB1CAA BO5S81CAA BO581CAA
Depth Return Error (ft) 0 N/A 0
Comments Fine-gain Repeat section que-gain
adjustments adjustments
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Neutron Moisture Logging System (NMLS) Run Information:

Log Run 1 2 3
Date 10/09/01 10/09/01
Logging Engineer Spatz Spatz
Start Depth (ft) 0 22275
Finish Depth (ft) 2225 199.0
Count Time (sec) N/A N/A
Live/Real R R
Shield (Y/N} N/A N/A
MSA Interval (ft) 0.25 0.25
ft/min 1.0/min 1.0/min
Pre-Verification C0232CAB C0232CAB
Start File C0232000 CR232000
Finish File C0232890 CR232095
Post-Verification CR232CAA CR232CAA
Depth Return Error (ft) N/A 0
Comments None Repeat section

Logging Operation Notes:

Zero reference is the top of ground surface, and log depths are relative to ground level. The sonde is
centralized in the borehole for both the SGL.S and NMLS.

A longer count time (200 sec) was required with the SGLS because of the relatively thick casing. The
borehole was logged in the drill pipe before completion as a groundwater monitoring well. In order to
obtain reliable spectra while minimizing overall logging time, the depth interval was increased from 0.5 to
1.0 ft.

The MCA’s fine-gain stabilization feature is not enabled on the RLS-1 logging system. Fine-gain
adjustments were made after files BO581003 (257 ft), B0581013 (247 ft), B0581019 (241 ft), B0581021
{239 ft), BO581050 (210 ft), and B0O581160 (100 ft) during SGLS logging run 1. Log run 1 was terminated
to refill the sonde with liquid nitrogen. Fine-gain adjustment was made after file B0581228 (59 ft) during
SGLS logging run 3. Fine gain adjustments were not necessary during SGLS logging run 2. Pre - and post-
survey verification spectra were collected using the 082 Amersham verifier.

Analysis Notes:

| Analyst: | Sobczyk | Date: [ 10/18/01 | Reference: | MAC\VZCP 1.7.9Rev. 2 |

Pre-run and post-run verification spectra for the SGLS were evaluated. The acceptance criteria for field
verification of the RLS -1 logging system are in the process of being established. Examinations of spectra
indicate that the detector appears to have functioned normally during the log run, and the log data are
provisionally accepted, subject to further review and analysis.

Individual SGLS spectra were processed in batch mode using APTEC SUPERVISOR to identify individual
energy peaks and determine count rates. Concentrations were calculated with EXCEL. Corrections were
applied for a casing thickness of 0.5 in. from the ground surface fo 260 ft. A correction for water in the
borehole was applied below 222.5 fi; this depth was deterrnined from the neutron log. Dead time
corrections were not applied. Typically, dead time varied between 5 and 8 percent with the maximum
amount of dead time (11 percent) occurring at 256 ft. The rerun of the RLS -1 showed good repeatability.
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Pre-run and post-run verification spectra for the neutron tool were evaluated. The pre-survey verification
spectrum (file CO232CAB) recorded 725 gross cps while the post-survey verification spectrum (file
CR232CAA) recorded 741 gross cps.

Moisture calibration models at Hanford for 11-in. holes with 1/2-in. casing have not been established. Thus,
the neutron log was not processed to estimate volumetric moisture content because the relatively large
borehole diameter and casing thickness are beyond the range of conditions for which the tool was
calibrated. Neutron data are presented as gross counts. In general, an increase in neutron count is indicative
of an increase in moisture content, but a guantitative calculation of volumetric moisture cannot be made at
this time. The rerun of the neutron-moisture tool showed good repeatability with the exception that the two
runs appear to be off-depth. This apparent discrepancy is due to acquiring data in continuous mode in
different directions. During the original iog, data were acquired while going deeper into the hole, and the
data are shifted upward about 1.5 in. During the repeat logging, data were acquired while coming out of the
hole, and the data are shifted downward about 1.5 in. Regardless of the logging direction, the depth error is
small (1.5 in.).

Log Plot Notes:

Separate log plots are provided for gross gamma, naturally occurring radionuclides (**K, 22Th, 2!U, and
associated decay progeny), and man-made radionuclides. For each radionuclide, the energy value of the
spectral peak used for quantification is indicated. Unless otherwise noted, all radionuclides are plotted in
picocuries per gram (pCi/g). The open circles indicate the minimum detectable level (MDL}) for each
radionuclide. Error bars on each plot represent error associated with counting statistics only and do not
include errors associated with the inverse efficiency function, dead time correction, or casing and water
corrections. These errors are discussed in the calibration report. A combination plot is also included to
facilitate correlation. A gross neutron log of neutron counts is also shown on the combination plot.

Results and Interpretations:

137Cs was the only man-made radionuclide detected. '*’Cs activity was detected near the ground surface ata
log depth of 4 fit. The measured >’ Cs activity was about 0.2 pCi/g.

The changes in gross gamma counts depend primarily upon changes in *°K activities. The increase in gross
gamma counts from about 180 cps to about 230 cps at a log depth of 53 ft corresponds with an increase in
apparent K activitg from about 12 to 17 pCi/g. This increase in total gamma is interpreted as the Hanford
H2. The increase in **Th activity from about 0.8 to 1.0 pCi/g and the increase in gross gamma counts from
250 to 280 cps near 120 ft are tentatively picked to represent the top of the Early Palouse Soil. The
transition between the Hanford and Early Palouse Soil is gradational as opposed to abrupt. On the basis of
low K-40 activities, the carbonate-rich paleosols of the Pliocene-Pleistocene are interpreted as being
between 150 and 159 ft. The caliche layer with characteristically high uranium content (greater than 2.0
pCi/g} is absent. The top of the Ringold is picked at 159 ft.

Below 222 ft, the apparent increase in 2**U activity based on 609-keV spectral line of about 1.0 pCi/g is
greater than the apparent increase in ®U activity based on 1764-keV line of about 1/4 pCi/g. This apparent
increase in 2*U at groundwater may be the result of dissolved radon (222Rn) in the water, an incorrect water
correction factor, or a combination of both. The apparent concentration based on the 609-keV peak appears
to increase more than that based onthe 1764-keV peak because the water correction factor decreases with
increasing energy level, If the source of the gamma photons is within the water, then there is less
attenuation than would be expected, and the effect of the water correction is an apparent increase in the
calculated concentration. Aliernatively, the water correction factor may be too high, resulting in the
apparent increase. At this time, the apparent increase in B3y at groundwater is under review, and the water
correction will be changed if necessary.

The highest neutron counts occurred in the groundwater as expected. The comparison of the neutron data
with the SGLS data is complicated by the differing vertical resolution of the two data sets. The sample
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interval of the neutron-moisture log is 1/4 ft versus 1 ft for the SGLS. Thus, the neutron log has a finer
vertical resolution than the SGLS logs.

Reference: Randall, R., 2001, Certificate of Calibration RLSM00.0, July 11, 2001, Three Rivers Scientific,
Richland, Washington.

! GWL - groundwater level

2 TOC - top of casing
¥ N/A - not applicable
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299-W22-85 (C3399)
Man-Made Radionuclide Concentrations
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299-W22-85 (C3399)
Rerun of Natural Gamma Logs
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299-W22-85 (C3399)
Rerun of Neutron-Moisture Log
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